Thus, various organic selenium compounds may be a candidate of ROSs scavenger.
The ebselen, a five-membered ring selenium-containing heterocyclic compound showing glutathione peroxidaselike activity, 11) is a synthetic antioxidant due to a ROSs scavenger.
12) The antioxidative effect of the ebselen is selective blockade of leukocyte infiltration and activation, resulting in reduction of the H 2 O 2 level. 12) This compound is a multifunctional antioxidant and a potential chemopreventive agent in inflammation-associated carcinogenesis. 13) Thus, various types of organic selenium compounds may be applicable to reduce oxidative stres. [14] [15] [16] We have synthesized various organic selenium compounds including selenoamides, 14) selenoureas, thioureas, 15) and selenocarbamates. 16) Moreover, most of theses compounds have also effectively scavenged O 2 Ϫ in vitro. 15, 16) In this study, superoxide anion-scavenging activities (SOSAs) of a newly synthesized series of five-membered ring selenium-containing heterocyclic compounds, 2-amino-1,3-selenazoles and bis-(2-amino-5-selenazoyl) ketones were tested in vitro.
MATERIALS AND METHODS
Materials 2-Amino-1,3-selenazoles and bis-(2-amino-5-selenazoyl) ketones were prepared according to procedures previously reported. 17) A Cypridina luciferin analogue, 2-methyl-6-(4-methoxyphenyl)-3,7-dihydroimidazo-[1,2-a]-pyrazin-3-one hydrochloride (MCLA) was obtained from Tokyo Kasei (Tokyo, Japan) for a use as a chemiluminescent probe for superoxide radicals. MCLA was dissolved in doubly distilled water and stored at Ϫ80°C prior to usage. The concentration of MCLA solution was determined by absorbance at 430 nm using an absorbance coefficient value of eϭ9600 M Ϫ1 cm
Ϫ1
, as previously described. 18 ) SOD (Lyophilized powder, 3400 units/mg protein) and xanthine oxidase (XOD grade III) were purchased from Sigma Chemical (St. Louis, MO, U.S.A.). Hypoxanthine was purchased from Wako Pure Chemical (Osaka, Japan) and used without further purification. All other chemicals and solvents were analytical grade and used without further purification.
Synthetic Methods for the Preparation of 2-Amino-1,3-selenazoles 1 and Bis-(2-amino-5-selenazoyl) Ketones 2 5-Acetyl-2-dimethylamino-1,3-selenazole 1a: Chloroacetone (24 ml, 0.3 mmol) was added to stirred solution of N,N-dimethyl-NЈ-(dimethylselenocarbamoyl)formamidine (0.62 g, 0.3 mmol) in dry methanol (3 ml) under an argon atmosphere. The reaction mixture was refluxed for 2 h. The mixture was extracted with dichloromethane. The extract was evaporated to dryness. The residue was purified by flash chromatography on silica gel with ethyl acetate-hexane (1 : 2) to give 1a (64 mg, 98%) as pale red crystals. Assay of Superoxide Anion-Scavenging Activities (SOSAs) The SOSAs of 2-amino-1,3-selenazoles 1 and bis-(2-amino-5-selenazoyl) ketones 2 were measured by a previously reported method. 18) In brief, the reaction mixture contained 5.8ϫ10
Ϫ7 M MCLA, 5ϫ10 Ϫ5 M hypoxanthine, xanthine oxidase (6.5 U), and 50 mM Tris-HCl buffer containing 0.1 mM EDTA at pH 7.8, in the presence or absence of various concentrations of compounds 1 and 2. To evaluate certain SOSAs, we added SOD standard solutions (0.6 to 30 ng/ml) to the reaction mixture instead of compounds 1 and 2. Total volume was 3.0 ml. Compounds 1 and 2 (25 mM) were dissolved in DMSO and stored at Ϫ80°C prior to use. Chemiluminescence was measured using a luminometer (Aloka, BLR201) at 25°C. Chemiluminescence measurement was initiated by the addition of 2-methyl-6-(4-methoxyphenyl)-3,7-dihydroimidazo[1,2-a]pyrazin-3-one hydrochloride (MCLA) to the standard incubation mixture excluding XOD, continued for 2 min without XOD and for an additional 2 min after addition of XOD. A representative example of a measurement of the effect of 2a on MCLA-dependent luminescence is shown in Fig. 1 . When the compounds had strong SOSAS at 166 mM, we also measured at 4.17, 16.7, 41.7 and 83.3 mM. Percentage of inhibition of MCLA dependent chemiluminescence was calculated as a previously described. 18) Inhibition concentration of 50% (IC 50 ) was calculated by six concentrations of 2a (4.17, 16.7, 27.7, 41.7, 83.3 and 166 mM). In this study, it was measured twice about the same sample and average value was used.
RESULTS AND DISCUSSION
Structures of these 2-amino-1,3-selenazoles 1 and bis-[2-dimethylamino-5-(1,3-selenazolyl)] ketones 2 are shown in Table 1 , where the SOSAs of the compounds also are summarized (Table1). As results, bis-[5-(1,3-selenazolyl)] ketones 2 showed stronger activities than 1,3-selenazoles 1. Among them, bis[2-dimethylamino-5-(1,3-selenazolyl)] ketone 2a and bis[2-morpholino-5-(1,3-selenazolyl)] ketone 2c had the highest SOSAs at 166 mM (80.0% and 68.6%, respectively). The effect of 2a was dose dependent (Fig. 1) . Compound 2a was sufficiently active to suggest further testing, by serial dilutions, 50% inhibitory concentrations (IC 50 ) for the compound 2a were 37.1 mM (Fig. 1) . We have systematically synthesized various organic selenium compounds including selenocarbamates, selenoureas, thioureas, and tertiary selenoamide compounds, and showed their SOSAs using a same chemiluminescence method. IC 50 of these compounds were approximately a range of 0.1 to 100 mM. [14] [15] [16] Thus, SOSAs of newly synthesized compounds, bis-[5-(1,3-selenazolyl)] ketones 2a and 2c had similar SOSAs to that of previously synthesized other organic selenium compounds such as selenocarbamates and selenoureas. The results suggested that bis-(2-amino-5-selenazoyl) ketones 2 are useful organic selenium compounds as one of scavenger of ROSs. We investigated whether bis[2-dimethylamino-5-(1,3-selenazolyl)] ketone 2a could eliminate super oxide anion generated by XOD or not. For this purpose, the amounts of uric acid generation which is the by-product of superoxide anion in the standard reaction mixture with or without 2a were measured. The result was shown in Fig. 2 . Generation of uric acid was not significantly affected by the addition of relatively high concentration of a compound 2a (83.3 mM). Thus, it is suggested that our compounds act as not inhibitor of XOD but scavenger of superoxide anion.
In conclusion, the present work shows the SOSAs of bis[2-dimethylamino-5-(1,3-selenazolyl)] ketone 2a. Future studies will be directed toward elucidating the mechanism of action of the active compounds and toward synthesizing and studying additional analogues of bis[2-dimethylamino-5-(1,3-selenazolyl)] ketone 2a. 3-selenazolyl) ] ketone 2a of 83.3 mM was added to the standard reaction mixture, and generation rate of uric acid was measured by uric acid measurement kit (L type WAKO UA · M; Wako Pure Chemical Industries, Ltd., Osaka, Japan). The data are representative of three separate experiments and shown by the meansϮS.E.
